Outbreaks of infections by rapidly growing mycobacteria following invasive procedures, such as ophthalmological, laparoscopic, arthroscopic, plastic, and cardiac surgeries, mesotherapy, and vaccination, have been detected in Brazil since 1998. Members of the Mycobacterium chelonae-Mycobacterium abscessus group have caused most of these outbreaks. As part of an epidemiological investigation, the isolates were typed by pulsed-field gel electrophoresis (PFGE). In this project, we performed a large-scale comparison of PFGE profiles with the results of a recently developed multilocus sequence typing (MLST) scheme for M. abscessus. Ninety-three isolates were analyzed, with 40 M. abscessus subsp. abscessus isolates, 47 M. abscessus subsp. bolletii isolates, and six isolates with no assigned subspecies. Forty-five isolates were obtained during five outbreaks, and 48 were sporadic isolates that were not associated with outbreaks. For MLST, seven housekeeping genes (argH, cya, glpK, gnd, murC, pta, and purH) were sequenced, and each isolate was assigned a sequence type (ST) from the combination of obtained alleles. The PFGE patterns of DraI-digested DNA were compared with the MLST results. All isolates were analyzable by both methods. Isolates from monoclonal outbreaks showed unique STs and indistinguishable or very similar PFGE patterns. Thirty-three STs and 49 unique PFGE patterns were identified among the 93 isolates. The Simpson's index of diversity values for MLST and PFGE were 0.69 and 0.93, respectively, for M. abscessus subsp. abscessus and 0.96 and 0.97, respectively, for M. abscessus subsp. bolletii. In conclusion, the MLST scheme showed 100% typeability and grouped monoclonal outbreak isolates in agreement with PFGE, but it was less discriminative than PFGE for M. abscessus.
N
ontuberculous mycobacteria (NTM) are responsible for a broad spectrum of human diseases, such as pulmonary and disseminated infections, lymphadenopathy, and cutaneous and soft tissue infections, among others (1) . The ubiquitous distribution of these organisms facilitates the contamination of medical equipment and solutions, leading to nosocomial infections and outbreaks (2) (3) (4) . In recent years, there has been a significant increase in the detection of diseases caused by NTM, which can be attributed to an increase in the number of infections affecting immunocompromised patients and the number and type of invasive procedures used for cosmetic and therapeutic purposes, as well as to advances in molecular identification techniques (5) . In Brazil, several outbreaks of infections by rapidly growing mycobacteria (RGM) have been detected since 1998 in patients subjected to medical invasive procedures, such as ophthalmological, laparoscopic, arthroscopic, plastic and cardiac surgeries, or cosmetic procedures, such as mesotherapy (6) (7) (8) (9) (10) . Between 2004 and 2008, Ͼ2,000 patients with surgical site infections caused by a unique strain of Mycobacterium abscessus were reported to the federal authorities in Brazil, and the problem was considered an epidemiological emergency (11) . Moreover, M. abscessus is the most common RGM species isolated from pulmonary infections in some settings (12) .
M. abscessus sensu lato is an RGM group that includes the formerly described species M. abscessus, Mycobacterium massiliense, and Mycobacterium bolletii (13) . The reunion of these three species into a single species, that of M. abscessus, was proposed in 2009 (13) because they could not be clearly discriminated by phenotypic or molecular tests, including the gold standard, DNA-DNA hybridization. Small differences observed in the restriction profiles of a 441-bp fragment of the hsp65 gene, as analyzed by PCRrestriction enzyme analysis (PRA-hsp65) (14) , in rpoB gene sequences (15) , and in susceptibility to few drugs led to the division of M. abscessus in two subspecies, M. abscessus subsp. abscessus and M. abscessus subsp. bolletii, with the bolletii subspecies including former M. massiliense and M. bolletii, which share the same PRAhsp65 profile and highly similar rpoB sequences (16) . This classification may well include other subgroupings that have not yet been defined. Some researchers have proposed the existence of three subspecies, based on phylogenetic trees constructed with data from whole-genome sequencing and single-nucleotide polymorphism (SNP) information contained in the core genomes (17) (18) (19) . These studies evidenced deep genetic divisions corresponding to three different taxa, suggesting a subdivision in three subspecies, M. abscessus subsp. abscessus, M. abscessus subsp. massiliense, and M. abscessus subsp. bolletii. Recently developed schemes for multispacer sequence typing (MST) (20) and multilocus sequence analysis (MLSA) (21) confirmed the existence of three principal groups within M. abscessus sensu lato, with each containing one of the type strains (M. abscessus CIP 104536, M. massiliense CIP 108297, and M. bolletii CIP 108541). However, several reports have described isolates showing ambiguous identification by partial sequencing of different DNA targets (7, 10, (22) (23) (24) (25) , suggesting the occurrence of genetic exchange among members of the M. abscessus group and indicating that the taxonomy of M. abscessus sensu lato is far from being resolved. To avoid confusing identifications, in this work, we classified the M. abscessus isolates into one of the two accepted subspecies (16) using PRA-hsp65 and rpoB gene sequence analysis (13) .
Molecular typing of outbreak isolates helps epidemiological investigation and the identification of possible sources of infection (26) . Ultimately, typing can contribute to outbreak control. Pulsed-field gel electrophoresis (PFGE) is usually performed when specific methods are not available for the species being studied. PFGE has good discriminatory power for separating M. abscessus subsp. abscessus and M. abscessus subsp. bolletii strains (24, 27) but is a cumbersome and time-consuming technique, requiring dedicated equipment that is not widely available. Moreover, DNA degradation associated with PFGE can occur with M. abscessus isolates (28) . Schemes for MST and multilocus sequence typing (MLST) were recently developed for M. abscessus (20, 29) . The MST scheme analyzes intergenic sequences, which, as a consequence of less evolutionary pressure, can show high variability (20) . In the MLST scheme, single-copy housekeeping genes are sequenced, and the combination of the different gene alleles generates a sequence type (ST) and defines a strain (29) . A site for the interpretation and comparison of MLST profiles is available at http: //www.pasteur.fr/recherche/genopole/PF8/mlst/Myco-abscessus .html. This study evaluated the discriminatory power of the MLST scheme developed by a group at the Institut Pasteur (29), including seven housekeeping genes, against a collection of M. abscessus isolates previously typed by PFGE, including isolates from outbreaks that occurred recently in Brazil and isolates from patients not connected to outbreaks.
MATERIALS AND METHODS

Mycobacterial isolates.
A collection of 93 isolates of M. abscessus sensu lato were studied. Forty-five isolates were obtained during five outbreaks that occurred in eight states in Brazil and were related to mesotherapy, laparoscopic and arthroscopic surgeries, liposurgery, mammoplasty, abdominoplasty, breast implant surgery, and vaccination. Forty-eight isolates from patients not related to outbreaks were included for comparison and calculation of the discriminatory power of the MLST scheme. These isolates were obtained from respiratory (30) , ophthalmological (3), and injection abscess (1) samples between 2002 and 2013 in different states from Brazil (see Table SA1 (10) . Isolated colonies from the same isolates were retyped by PFGE for this work, confirming the existence of three different PFGE patterns among the outbreak isolates.
Outbreak 2 was a nationwide epidemic of surgical site infections related to laparoscopic and arthroscopic surgeries, which generated Ͼ2,000 notifications from several states to the Brazilian federal authorities between 2004 and 2008 (10, (31) (32) (33) . The study of 157 isolates from the seven states that reported the most cases showed that the infections were caused by a single strain of M. abscessus subsp. bolletii, initially identified as M. massiliense (7) . This strain has a particular rpoB sequevar (GenBank accession no. EU117207), and the PFGE patterns of the typed isolates were highly similar, with differences of only 1 to 3 bands. New localized outbreaks caused by this strain occurred in the states of Amazonas (AM) and Rio Grande do Sul (RS) in 2010, when the epidemic was considered controlled. Isolates from eight states were included in this study. (34, 35) . The M. fortuitum isolates showed different molecular patterns, indicating that the outbreak was polyclonal. In 2004, the outbreak subsided until 2008, when new cases occurred in one of the studied hospitals. Most patients harbored isolates identified as M. fortuitum, showing the same molecular patterns detected in the previous period. However, three isolates were identified as M. abscessus subsp. abscessus and were included in the present study. The M. abscessus isolate from the first outbreak period (34) was not recovered.
Outbreak 5 occurred in a single vaccination clinic in the city of Andradina, SP. Sixty cases were identified between January and October 2008. Infection by M. abscessus subsp. abscessus was confirmed in 18 cases, and eight isolates were typed by PFGE, showing indistinguishable patterns. Samples from water, liquid soap, syringes, needles, and vaccine vials were collected and cultivated. Several mycobacterial species were recovered from water samples, but not the particular strain that was isolated from the patients, and the sources of infection were not identified (http://www .anvisa.gov.br/divulga/newsletter/boletim_vigipos/260710/boletim _nuvig.htm).
DNA extraction. A loopful of bacteria grown on Middlebrook 7H10-OADC plates was suspended in 300 l of TET (10 mM Tris, 1 mM EDTA, 1% Triton X-100 [pH 8.0]), boiled for 10 min, centrifuged at 14,000 ϫ g for 2 min, and frozen at Ϫ20°C for Ն16 h.
Alternatively, the DNA was extracted using the Brazol kit (LGC Bio-tecnologia, Brazil) as follows: 100 l of the bacterial suspension in TET was mixed with 300 l of the Brazol reagent and agitated in a vortex for 2 min. A volume of 100 l of chloroform was added, and the content of the tube was homogenized and centrifuged for 12 min at 12,000 ϫ g and 4°C.
The supernatant was mixed with the same volume of isopropanol in a new tube and incubated overnight at Ϫ20°C. After centrifugation at 12,000 ϫ g for 20 min, the supernatant was discarded. A volume of 500 l of 70% ethanol was added, and the material was centrifuged for 5 min at 12,000 ϫ g. The pellet was resuspended in 1ϫ TE (10 mM Tris 10, 1 mM EDTA [pH 8.0]) with RNase (0.4 mg/ml).
Molecular identification of the isolates. (i) PRA-hsp65.
A 441-bp fragment of the hsp65 gene was amplified using the primers Tb11 and Tb12 (Table 1) , as described by Telenti et al. (14) . The amplicons were digested in two separate tubes with BstEII and HaeIII restriction enzymes. The digestion products were visualized after electrophoresis in 3% agarose gels stained with ethidium bromide, using a 50-bp ladder as the molecular size standard. The restriction fragment sizes were estimated by visual analysis and were compared to the patterns reported at PRASITE (ii) rpoB sequencing. Region V of the rpoB gene was amplified using the MycoF and MycoR primers ( 
Multilocus sequence typing.
Seven housekeeping genes were included in the MLST scheme: argH (argininosuccinate lyase), cya (adenylate cyclase), glpK (glycerol kinase), gnd (6-phosphogluconate dehydrogenase), murC (UDP N-acetylmuramate-L-Ala ligase), pta (phosphate acetyltransferase), and purH (phosphoribosylaminoimidazole carboxylase ATPase subunit). The genes were amplified using the primers depicted in Table 1 .
PCRs were prepared in 15 l containing 1ϫ PCR buffer (75 mM Tris-HCl, 20 mM (NH 4 The obtained sequences were trimmed to the sizes indicated in the MLST site (http://www.pasteur.fr/recherche/genopole/PF8/mlst/primers _abscessus.html). Consensus sequences were constructed using the BioEdit program v.7.1.3.0 and were analyzed using the single-locus query from the MLST site (http://www.pasteur.fr/cgi-bin/genopole/PF8 /mlstdbnet.pl?pageϭoneseq&fileϭMabscessus_profiles.xml).
For each isolate, a combination of the different obtained alleles was submitted to the allelic profile query (http://www.pasteur.fr/cgi-bin /genopole/PF8/mlstdbnet.pl?pageϭprofile-query&fileϭMabscessus _profiles.xml) to obtain a sequence type (ST) number. Novel alleles and STs identified in this work were numbered and included in the MLST database. Isolates were grouped in a clonal complex (CC) when all alleles except one were identical.
The efficiency of the MLST scheme was estimated through quantifying typeability, reproducibility, and discriminatory power, which were evaluated by calculating the numerical index of discrimination (D) based on Simpson's index of diversity, as previously described (36) .
Pulsed-field gel electrophoresis. All isolates included in this study were previously analyzed by PFGE, according to protocols described in previous publications (7, 10, 24) . With some isolates, PFGE was repeated or carried out for this work according to previously described protocols (24) . The gel images were analyzed using the BioNumerics program v.5.1 (Applied Maths, Sint-Martens-Latem, Belgium). Dendrograms were pre- pared using the band-based Dice unweighted-pair group method using average linkages (UPGMA) method using 1% to 2% optimization and position tolerance.
RESULTS AND DISCUSSION
Identification of isolates included in the study. The identification of the 93 isolates studied using PRA-hsp65 and rpoB sequencing in combination was congruent with all but six isolates. Forty isolates were identified as M. abscessus subsp. abscessus and 47 were identified as M. abscessus subsp. bolletii. Six isolates were not assigned to a subspecies because of divergence between the PRAhsp65 profile and the rpoB sequence analysis. They were classified as M. abscessus subsp. abscessus by rpoB sequencing and M. abscessus subsp. bolletii by PRA-hsp65 (Table 2) . MLST. All genes were amplified with the isolates of the study, confirming the 100% typeability of the proposed MLST scheme. During the study, several isolates were typed two or three times, and the results were confirmed. Moreover, isolates BRA09, BRA25, BRA26, BRA28, and BRA29 were previously typed in a different laboratory and generated the same ST, indicating that MLST has good reproducibility (21) . The choice of using bacterial lysates or DNA purified using a commercial kit did not seem to affect the amplification and sequencing results.
In this study, amplifications were carried out without the use of the PCR kits used in the work of Macheras et al. (29) . The amplification of some genes required modifications to the PCR mix. Gene murC was amplified only after adding 10% glycerol to the ultrapure water used to complete the PCR mix volume. The MgCl 2 concentration was adjusted to 1.5 mM to reduce nonspecific amplifications with the glpK and argH primers. ST23 isolates generated nonspecific amplifications of the cya gene, and the sequencing performed with the forward primer was often contaminated. We located the sequence of the forward primer in the genome of isolate GO-06 (GenBank accession no. CP003699), which is an isolate from the strain that caused the Brazilian surgical site epidemics and belongs to ST23. Compared to the cya forward primer sequence (GTG AAG CGG GCC AAG AAG), the corresponding sequence of GO-06 has two mismatches (indicated by bold type) (GTG AAG CGG GCT AAA AAG) that might favor the annealing of the forward primer to five adjacent regions that have similar sequences, which were detected with Oligo 7 Primer Analysis software (Molecular Biology Insights, Inc., CO, USA) (data not shown). Spurious annealing of the cya forward primer generated a collection of amplicons of similar sizes and explain the contamination of the sequences generated with this primer. Fortunately, sequences obtained with the cya reverse primer were used for unambiguous allele assignment of ST23 isolates. Tettelin et al. (18) observed by in silico analysis that the cya forward primer ACF would not generate amplicons with some strains and designed a new primer that was thought to be conserved across the M. abscessus group. In the MLST scheme developed by Kim et al. (37) , the authors designed new primers to amplify cya and murC, but no explanation was given to justify these changes. Table 3 presents the MLST results. The pta gene showed the highest number of alleles with M. abscessus subsp. abscessus isolates. With isolates identified as M. abscessus subsp. bolletii, the genes glpK, pta, and purH showed more alleles than other genes. The argH gene showed the largest number of polymorphic sites and the highest percentage of nucleotide divergence in the observed alleles. All M. abscessus subsp. abscessus isolates showed the same glpK allele (allele 1), and no polymorphic sites were detected. Kim et al. (37) excluded the glpK gene from the MLST scheme because of the low frequency of polymorphic sites. No deletions or insertions were observed in the analyzed genes, as previously observed by Macheras et al. (29) .
In total, 33 STs were identified among the 93 isolates and were specific for each subspecies. Eight STs were specific to M. abscessus subsp. abscessus, 21 were specific to M. abscessus subsp. bolletii, and four were detected that were specific to the six isolates not assigned to a subspecies. Alleles from M. abscessus subsp. abscessus were not found in M. abscessus subsp. bolletii isolates and vice versa, with the exception of argH allele 3, which is specific to M. abscessus subsp. abscessus, which was observed with isolate IAL 013, which was identified as M. abscessus subsp. bolletii. The presence of alleles from one M. abscessus subspecies in isolates from another subspecies was previously observed by Macheras et al. (29) . The six isolates not identified at the subspecies level carry M. abscessus subsp. bolletii-specific alleles, except for glpk allele 1 from isolate CRPHF 3932 and cya allele 12 from CRPHF 3452, which are specific to M. abscessus subsp. abscessus. This is a strong indication that the six isolates should be included in subspecies bolletii, thereby confirming the classification obtained by PRA-hsp65 and not that obtained by rpoB sequence analysis. The ambiguous identification of M. abscessus isolates obtained by sequence analysis of different genes was reported in several publications (22) (23) (24) (25) , suggesting the occurrence of homologous recombination after lateral gene transfer events between members of the M. abscessus group. Genetic exchange events affecting the housekeeping genes cya and glpK were observed for the first time by Macheras et al. (21, 23) . We detected probable horizontal gene transfer events affecting the argH, cya, and glpK genes, and Kreutzfeldt et al. (38) observed evidence of the same events with the cya, pta, and purH genes, confirming that lateral transfer events of housekeeping genes are somewhat frequent in this group of bacteria.
Comparison of MLST and PFGE patterns of outbreak isolates. This is the first large-scale comparison of M. abscessus strains typed by MLST and PFGE. The results obtained with the outbreak isolates were mostly congruent, indicating that outbreak isolates belonging to the same ST often showed indistinguishable PFGE patterns. However, there were some exceptions that will be discussed below.
We showed in a previous study (10) that the eight isolates from the mesotherapy outbreak (outbreak 1) were distributed in three rpoB sequevars, all with the highest similarity to the corresponding sequence of M. bolletii CIP 108541 T and three clusters by PFGE. We repeated the PFGE with isolated colonies and confirmed the three PFGE profiles, which corresponded to the three different novel STs identified in this study (Fig. 1A) .
All isolates from outbreak 2 showed 100% similar rpoB sequences and were included in ST23 by MLST. The PFGE patterns showed differences of 1 to 3 bands (Fig. 1B) . At least one of these bands, approximately 50 kb in length, corresponds to a plasmid that is absent in some isolates (39) . Tenover et al. (40) and van Belkum et al. (26) stated that isolates differing by one to four PFGE bands could be considered closely related and therefore most likely part of the (same) outbreak. This is most likely valid in the context of habitual health care-associated outbreaks of limited duration (Յ6 months), which is not the case here, because surgical site infections related to this outbreak were detected from 2004 to 2010. The maintenance of rpoB sequences and MLST patterns throughout the epidemic period confirmed once more that this prolonged outbreak was caused by a unique strain. This strain may have suffered genomic changes caused by deletions, insertions, or by nucleotide substitutions in DraI restriction sites between 2004 and 2010, which caused limited band shifts in the PFGE patterns. This was not investigated here. The sequences of the MLST housekeeping genes did not change in the course of this outbreak, suggesting that MLST profiles may be more stable than PFGE patterns within M. abscessus subsp. bolletii. Interestingly, MLST and wholegenome sequencing approaches helped demonstrate that ST23 is a global strain of M. abscessus subsp. bolletii that causes pulmonary and soft tissue infections, which have been detected in Brazil, the United States, France, Germany, Malaysia, Scotland, Switzerland, and the United Kingdom (17, 29, 38) .
All isolates from outbreak 3 were found to belong to ST142, which was detected for the first time in this work, and displayed indistinguishable PFGE profiles, confirming that this outbreak was caused by a single strain of M. abscessus subsp. abscessus (Fig. 1C) .
Two STs, ST1 and ST49, were detected among the three isolates from outbreak 4. These isolates showed nonrelated PFGE profiles, indicating that PFGE was more discriminative than MLST, which detected only two different STs (Fig. 1D) . These findings were expected because this polyclonal outbreak was caused by M. fortuitum, and M. abscessus was only occasionally isolated, most likely as a result of intensive laboratory analysis or due to the Outbreak 5 occurred in a vaccination clinic in the city of Andradina, SP. The epidemiologic investigation did not identify a common source of infection, but the isolates of all patients showed indistinguishable PFGE patterns and all were found to belong to ST22, which was previously detected in isolates from France and Ireland. These results confirmed that this outbreak was caused by a single strain of M. abscessus subsp. abscessus (Fig. 1E) .
Comparison of MLST and PFGE patterns of isolates from patients not associated with outbreaks. Among the 48 isolates from patients not related to outbreaks, 19 were identified as M. abscessus subsp. abscessus. These isolates were found to belong to seven STs, including ST22 and especially ST1, the most frequent ST detected in this study ( Fig. 2A) . Half of the isolates were included in ST1, while PFGE distinguished four patterns, with 81.96% similarity, among these isolates ( Fig. 2A, box 1) . The high frequency of ST1 in M. abscessus subsp. abscessus isolates was also detected by Macheras et al. (29) in isolates from France, Switzerland, Brazil, and the United States. Interestingly, isolate IAL 044 from outbreak 4 belongs to ST1, and its PFGE pattern is indistinguishable from those of four epidemiologically unrelated isolates, IAL 055, IAL 061, IAL 060, and BRA25 (Fig. 2B) . The isolates IAL 063, IAL 064, and IAL 065 belong to ST22 and, together with isolate P2, which belongs to ST145, constitute a CC because they differ in the pta allele only. The PFGE patterns of these isolates are also highly similar (87.89% similarity) ( Fig. 2A, box 2) . The out- break 5 isolates were found to belong to ST22, and their PFGE profiles are indistinguishable from that of isolate IAL 063, which was obtained from the sputum sample of a patient in a different city and, therefore, was not epidemiologically related to the outbreak 5 isolates (Fig. 2C) . Isolates EPM 25694 and EPM 13219 were found to belong to ST49, as were isolates IAL 045 and IAL 046 from outbreak 4. All ST49 isolates showed different PFGE patterns, with 64.99% overall similarity (Fig. 2D) . ST49 has been detected in Malaysia and France, where it is one of the most prevalent STs (29) .
The D value for MLST and PFGE was calculated based on the 19 nonrelated M. abscessus subsp. abscessus isolates plus the type strain M. abscessus ATCC 19977. MLST had a D value of 0.69, which is far below the desirable value of Ն0.95 considered acceptable for a good typing method (26) . The D value of PFGE was 0.93, showing that PFGE has a higher discriminatory capacity than MLST for M. abscessus subsp. abscessus. In a previous study, a D value of 0.97 was obtained for M. abscessus typed by PFGE, confirming the good discriminatory power of PFGE for M. abscessus (27) .
The 23 isolates identified as M. abscessus subsp. bolletii were distributed in 17 different STs, and ST117 and ST151 were the most common (Fig. 3) . Five isolates, CRM 473, IAL 010, CRM 375, CRM 642, and B67, belong to ST117, and IAL 035 belongs to ST167, which differs from ST177 in the glpK allele, thus comprising a CC. These isolates showed three different PFGE patterns (84.93% similarity) (Fig. 3, box 1 ). They were obtained in four different states (Mato Grosso [MT], SP, Rio de Janeiro [RJ], and PA), and the patients were not epidemiologically related. It is possible that this is a circulating strain that has independently infected different patients. ST117 isolates were also detected in Malaysia.
Three isolates, IAL 021, IAL 028, and IAL 025, all belong to ST151, which was identified for the first time in this work, and have indistinguishable PFGE patterns (100% similarity), but no epidemiological relationship was identified between the patients carrying them (Fig. 3, box 2) . They lived in different cities in the SP state, and the isolates were obtained in different years. Again, this might be a frequently occurring strain that is circulating in SP.
The (24) .
The last six isolates, for which precise subspecies identifications were not achieved by PRA-hsp65 and rpoB sequence analysis, belong to four STs. Isolates P54, CRPHF 3850, and BRA26 belong to ST34 and form a CC together with isolates CRPHF 3932 (ST170) and CRPHF 3452 (ST171). They have different PFGE patterns, with 69.25% similarity. Four ST34 isolates detected in France had rpoB sequences more similar to the rpoB sequence of M. abscessus ATCC 19977 T , as did the isolates reported here. This confirms that ST34 comprises a particular group of isolates showing evidence of rpoB lateral transfer. The six isolates showed unrelated PFGE patterns, thus confirming the superior discriminatory power of PFGE for this group of isolates (Fig. 4) .
M. abscessus subsp. abscessus isolates formed a more uniform group by MLST. This was also evident in a previous study that evaluated a MLSA scheme with eight housekeeping genes (21) . Among the three principal groups generated by MLSA, each containing one of the type strains of M. abscessus, M. massiliense, and M. bolletii, the M. abscessus branch was robust, while the M. bolletii and M. massiliense branches had relatively low bootstrap values (65 and 71%, respectively) and a diffuse appearance, particularly the M. massiliense branch. M. abscessus subsp. abscessus infections are more often respiratory than are M. abscessus subsp. bolletii infections (which are more often skin and soft tissue infections), and antibiotic treatment is more important in respiratory infection (mostly 2 or 3 antibiotics) than in skin infections (mostly macrolide treatment as monotherapy), which may imply different mutational pressures on clinical isolates from each subspecies.
In conclusion, a good typing method should be capable of typing all isolates from a species, grouping isolates belonging to a single strain and discriminating between nonrelated isolates. The M. abscessus MLST scheme showed 100% typeability and grouped most isolates based on outbreak settings that were grouped by PFGE, but it was less discriminative than PFGE for M. abscessus subsp. abscessus. MLST was less discriminative than PFGE for other species, such as Salmonella enterica (41) , Lactobacillus sanfranciscensis (42) , Staphylococcus aureus (43) , and Pseudomonas aeruginosa (44) . The possibility of increasing the discriminatory power of the M. abscessus MLST scheme by including additional genes has to be evaluated in the future.
The advantages of the MLST scheme cannot be overlooked. PCR and sequencing are currently available in most settings and can overcome the need to cultivate the mycobacterium. When the STs of strains responsible for monoclonal outbreaks are known, MLST can be of great help for epidemiological surveillance. Nevertheless, the implications of MLST for studies of population genetics and dynamics may be more significant than those for epidemiological investigation. We have detected strains that share MLST profiles in patients with no suspected epidemiological relationship. MLST can be used to track these strains and observe their distribution and dynamics.
